The objective of this study was to evaluate lyophilized bovine colostrum as an alternative source of passive immunity and insulin like growth factor I (IGF-I) for goat kids, considering newborns consuming non-maternal colostrum. Twenty-nine male newborns received 5% of body weight of lyophilized bovine (LBC) or goat colostrum (GC), both with 55 mg/mL of IgG, at 0, 7 and 14 h of life. Blood samples were collected at 0, 7, 14, 18, 24, 36, 48, 72 and 96 h of life to determine serum IgG, total protein (TP), IGF-I and apparent efficiency of IgG absorption at 7, 14, 18 and 24 h (AEA 7hr , AEA 14hr , AEA 18hr , AEA total , respectively). In LBC, the values of serum IgG at 14, 18, 24 and 48 h (13.1, 13.4, 14.1 and 14.6 mg/mL, respectively) were higher than the values at 0 and 7 h (0.04 and 6.9 mg/mL, respectively). In GC, the serum IgG at 18 h (9.3 mg/mL) was higher than the value at 7 h (5.5 mg/mL). AEA 7hr and AEA 14hr in LBC were the same (19.2 and 18.5%, respectively, P > 0.05) and the values of AEA 18hr and AEA total , 9.3 and 9.5%, respectively, were equal and smaller than AEA 7hr and AEA 14hr . In GC, AEA 7hr , 20.8%, was higher than AEA 14hr , 16.1% (P b 0.05) and AEA 18hr and AEA total , 9.2 and 8.0%, respectively, were equal and smaller than AEA 7hr and AEA 14hr. The serum TP and IGF-I were not affected by colostrum feeding. Considering the variables study in the present work, lyophilized bovine colostrum constitutes a promising alternative substitute to goat colostrum in newborn goat kids, since the supply of immunoglobulins and IGF-I was suitable for the kids.
Introduction
Proper acquisition of antibodies from colostrum in the first hours of life ensures protection of small ruminants, thereby reducing the occurrence of morbidity and mortality in the herd (Constant et al., 1994; O'Brien and Sherman, 1993) . The same colostrum that confers protection to the newborn can transmit pathogens, such as Caprine Arthritis Encephalitis Virus (CAEV) that constitutes a major concern in the productive sector of goats (Alvarez et al., 2005) .
Pasteurization of goat colostrum has been the main proposed alternative, a difficult and relatively expensive practice for the small producer to implement. In addition, it can cause a decrease in immunoglobulin concentration by protein denaturation, resulting in failure of passive transfer to newborns Alternatives have been investigated for the replacement of small ruminant colostrum seeking to prevent the transmission of pathogens and to ensure adequate transfer of immunoglobulins (Castro et al., 2005; Constant et al., 1994; Lima et al., 2009; Mellado et al., 2008; Moretti et al., 2010a Moretti et al., , 2010b Quigley Iii et al., 2002; Zadoks et al., 2001) . Among the alternatives, the supply of lyophilized goat colostrum and bovine colostrum can be considered the most promising (Castro et al., 2005; Lima et al., 2009) . The production of a bovine colostrum bank is an important management tool in commercial operations, ensuring the supply of an adequate quantity of immunoglobulins to newborn small ruminants (Lima et al., 2009; Moretti et al., 2010a Moretti et al., , 2010b . The homology between cattle, goats and sheep immunoglobulins ensures biological activity of these macromolecules in the different species (Curtain and Fudenberg, 1973) .
Besides its role in neonatal immunity, colostrum is an important source of bioactive substances and hormones, including the bioactive factors that are associated with the development of newborns, especially in the gastrointestinal tract (Kelly and Coutts, 2000; Odle et al., 1996; Pauletti et al., 2007; Rooke and Bland, 2002) . Among the bioactive factors present in this lacteal secretion, the insulin-like growth factor type I (IGF-I), a peptide of 7.5 kDa that mediates the major effects of growth hormone (GH), is one of the most investigated (Blum and Baumrucker, 2002; Georgieva et al., 2003; Pauletti et al., 2007) .
Colostrum of ruminants has a high concentration of IGF-I, between 200 and 500 ng/mL when compared to milk, which can contain up to 35 ng/mL of this bioactive factor (Odle et al., 1996; Pauletti et al., 2005) . Despite the significant concentration of IGF-I in the colostrum, little of what is ingested is absorbed into the circulatory system of the suckling neonates, suggesting that the main action of colostrum IGF-I is local and related to gastrointestinal tract development (Odle et al., 1996; Pauletti et al., 2007; Rauprich et al., 2000) .
The objective of this study was to evaluate lyophilized bovine colostrum as an alternative source of passive immunity and IGF-I for goat kids, considering newborns consuming nonmaternal colostrum.
Materials and methods

Animals, feeding and experimental procedures
The experiment was conducted on the Intensive System of Sheep and Goats Production (ESALQ/USP). In this study, 29 Saanen × Boer male goat kids were available. The animals were maintained and treated in adherence to accepted standards for humane treatment of animals (authorized by ESALQ/ USP ethics committee).
Bovine and goat 1st milking colostrum from two Holsteins cows and 14 Sannen × Boer goats were collected before the experiment. The colostrums were homogenized to produce two pools of bovine and goat colostrum, respectively. Both pools were stored at −20°C until use. Samples of each pool were collected for determination of IgG concentration by radial immunodiffusion (Besser et al., 1985; Mancini et al., 1965) . The frozen pool of bovine colostrum was lyophilized (Modulyo, EC Apparatus INC.). The resulting powder was homogenized and stored in a tightly sealed container at −20°C.
At the moment of offering the meals, the pool of goat colostrum was diluted with whole milk until reaching a concentration of 55 mg/mL of IgG. Bovine colostrum powder, however, was resuspended in water until it reached the original chemical composition of colostrum taken in the lyophilization process and, subsequently, diluted with whole milk until reaching a concentration of 55 mg/mL of IgG.
Aliquots of lyophilized bovine and goat colostrum meals were used for the determination of their chemical composition using standard procedures of A.O.A.C. (2000) . The IGF-I concentration was determined by immunoenzymatic assay after extraction procedure using the kit IGF-1 EIASIA KAP1581 (DiaSource Immunoassays S.A.). Colostrum chemical composition and IGF-I concentration are shown in Table 1 .
The newborn goat kids were separated from their mothers immediately after birth, without maternal colostrum intake. Thereafter, the animals received 5% of body weight of lyophilized bovine colostrum (LBC group) or goat colostrum (GC group) at 0, 7 and 14 h of life. Blood samples were collected from jugular vein, approximately 4 mL per animal, at 0, 7, 14, 18, 24, 36, 48, 72 and 96 h of life, and subsequently centrifuged at 4000 ×g for 15 min. The resulting serum was transferred to identified eppendorf tubes and stored at − 20°C.
IgG and total protein serum determination
The IgG serum was quantified according to Mancini et al. (1965) . The method relates the diameter of precipitation ring formed by the reaction of the IgG in the sample with the antiserum IgG present in the agar. The diameters of samples are compared with the diameters of previously established standards. The agar was prepared with bovine or goat IgG antiserum (Sigma Chemicals Company, USA) and for standards curves, bovine and goat IgG (Sigma Chemicals Company, USA) were used, respectively.
The IgG apparent efficiency of absorption (AEA) at 7, 14, 18 and 24 h of life was determined using the following formula (Besser and Osborn, 1993) .
To calculate the apparent efficiency of absorption at different sampling times (7,14 and 18 h), plasma volume was based on 8% of initial body weight (Besser and Osborn, 1993) , IgG concentration in the colostrum was 55 mg/mL, serum IgG concentration for each sampling time and intake colostrum volume a sum of the meals ingested (one, two and three meals of colostrums, respectively, based on 5% of initial body weight). Total apparent efficiency of absorption (AEA total ), ie, apparent efficiency of absorption at 24 h of life, was determined considering serum IgG concentration at 24 h of life and a volume sum of three meals of colostrum (based on 5% of initial weight) (Moretti et al., 2010a) .
The serum total protein (TP) was determined by the biuret reaction (Reinhold, 1953) . 
IGF-I serum determination
Concentrations of IGF-I (ng/mL) on duplicate samples of serum were quantified by immunoenzymatic assay after extraction procedure using the kit IGF-1 EIASIA KAP1581 (DiaSource Immunoassays S.A.). Human and caprine IGF-I (91%) and human and bovine (94%) present a high identity (BLAST -NCBI) and even a murine anti-human IGF-I monoclonal antibody exhibits a very large cross-species reactivity (Su et al., 1997) , which allowed us to use a human IGF-I kit to determine IGF-I concentrations in goat serum and colostrum and in bovine colostrum (Acuti et al., 2009; Pauletti et al., 2005 .
After, IGF binding proteins were removed from the samples using the acid-ethanol method, IGF-I labeled with horseradish peroxidase was added. The labeled bioactive peptides competed with unlabelled IGF-I present in the calibrators, controls and samples for a limited number of binding site, anti-IGF-I, in the microtiterplate. After 1 hour incubation at room temperature, the microtiterplate was washed to stop the competition reaction. The chromogenic solution (TMB) was added and incubated for 30 min. The reaction was stopped with the addition of HCl 1.0 N and the microtiterplate was then read at the wavelength 450 nm. The absorbance was inversely proportional to the IGF-I concentration. A 4-parameter logistic function curve fitting was used to calculate the IGF-I concentration.
Statistical analyses
A completely randomized design was used. The statistical analysis was performed using SAS software (SAS Institute Inc., 2008). The serum variables were analyzed as a repeated measure-over-time design, considering colostrum and sampling time as main effects. The goat kid effect was considered random, and the other effects were considered fixed in the model.
In the statistical analysis of serum IgG and AEA, the compound symmetry heterogeneous (CSH) and unstructured (UN) covariance matrix were used, respectively. For these variables, the initial weight of the animals contributed significantly as co-variable (Pb 0.05). In the statistical analysis of serum TP and IGF-I, the autoregressive AR(I) covariance matrix was used and for the last variable, the initial serum IGF-I (at 0 h) was used as co-variable (Pb 0.05).
The data were submitted to analysis of variance using general linear mixed models (MIXED procedure). Means comparison was made based on differences in least-square means, with P values adjusted for multiple comparisons using Tukey option in the MIXED procedure (α = 0.05). The transformation of the IgG (square root) and AEA (log base 10) values were used and these results are presented as retransformed least-square means (x 2 and 10 x , respectively). The serum TP and IGF-I values are presented as least-square means and mean, respectively, and standard errors.
Pearson and Spearman correlation analysis, through PROC CORR program from SAS software (SAS Institute Inc., 2008), was taken to verify associations between serum variables of interest.
Results
Birth weight, plasma volume, total IgG intake and total IGF-I intake of goat kids fed lyophilized bovine and goat colostrum are shown in Table 2 .
Serum IgG was undetectable in all 0 h samples, confirming that goat kids did not suckle their mothers. The serum IgG concentrations differed between colostrum and sampling time and interaction was observed between the parameters, Fig. 1 . Although no statistical differences were detected by Tukey's test between groups within each sampling time (P > 0.05), a different fluctuation of serum IgG was observed in goat kids fed lyophilized bovine colostrum compared to animals fed goat colostrum. In LBC group, the values of the serum IgG at 14, 18, 24 and 48 h (13.1, 13.4, 14.1 and 14.6 mg/mL, respectively) were higher than the values at 0 and 7 h (0.04 and 6.9 mg/mL, respectively). In GC group, the serum IgG at 18 h was higher than the value at 7 h (9.3 and 5.5 mg/mL, respectively).
The AEA was affected by sampling time and interaction was observed between colostrum and sampling time, Fig. 2 . In LBC, AEA 7hr was the same of AEA 14hr (19.2 and 18.5%, respectively, P > 0.05) and the values of AEA 18hr and AEA total , 9.3 and 9.5%, respectively, were equal and smaller than AEA 7hr and AEA 14hr . In GC group, AEA 7hr was higher than AEA 14hr , 20.8 and 16.1%, respectively (P b 0.05) and the values of AEA 18hr and AEA total , 9.2 and 8.0%, respectively, were equal and smaller than AEA 7hr and AEA 14hr .
Correlation analysis between serum AEA and sampling time was significant (P b 0.05), with values of r = −0.48 for LBC and r = −0.65 for GC.
Effect of sampling time was observed in the serum TP concentration, Fig. 3 . In the period 7 to 72 h of life, the TP concentrations were higher than at 0 h of life, while the period from 14 to 36 h of life showed TP concentrations greater than at 7 h.
Correlation analysis between serum IgG and TP, regardless of colostrum ingested, was significant (Pb 0.05), with a value of r = 0.58.
There was no effect of colostrum, sampling time and interaction between colostrum and sampling time to the IGF-I serum variable, Table 3 .
Discussion
Different IgG fluctuation between the groups was detected by analysis of variance. In LBC group, serum IgG at 14, 18, 24 Table 2 Birth weight, plasma volume, total IgG intake and total IGF-I intake of goat kids fed lyophilized bovine and goat colostrum.
LBC GC
Number of goat kids 14 15 Birth weight (Kg) 3.8 ± 0.2 3.7 ± 0.2 Plasma volume (mL) 304.8 ± 14.0 295.5 ± 12.5 Total IgG Intake (g) 31.4 ± 1.4 30.5 ± 1.3 Total IGF-I intake (mg) 90.7 ± 4.0 197.2 ± 8.5
LBC -goat kids fed 5% of body weight of lyophilized bovine colostrum at 0, 7 and 14 h of life; GC -goat kids fed 5% of body weight of goat colostrum at 0, 7 and 14 h of life.
and 48 h were higher than the values at 0 and 7 h. In GC group, serum IgG at 0 and 7 h differed only from the value at 18 h. O'Brien and Sherman (1993) establish the value of 12 mg/ mL of IgG at 24 to 48 h of life as critical to goat kids not fail to acquire passive immunity. Mellado et al. (1998) , in turn, define concentrations above 8 mg/mL of IgG at 24 h of life to result in significant lower rates of mortality in the herd. Serum levels of IgG in the LBC group remained above 12 mg/mL between 14 and 48 h of life, while in GC group, the serum concentration of IgG was lower than this value. According to Castro et al. (2005) , the intake of 4 g of IgG/kg of body weight is sufficient to ensure adequate immunoglobulin absorption from colostrum. However, in the present study, the animals ingested up to 14 h of life 8.2 grams of bovine or goat IgG/kg of body weight and still had inadequate absorption of immunoglobulins. The value of serum IgG at 96 h of life was 9.8 and 7.6 mg/mL to LBC and GC, respectively. These values are similar to those found by Castro et al. (2005) , 5.4 and 7.6 mg/mL, respectively, in goat kids fed four meals of frozen or lyophilized goat colostrum containing 16 and 22.9 mg/mL of IgG, respectively. Lima et al. (2009) Fig. 2 . IgG apparent efficiency of absorption (%) at 7, 14, 18 and 24 h of life (AEA 7hr , AEA 14hr , AEA 18hr e AEA total , respectively) of goat kids fed lyophilized bovine and goat colostrum. LBC -goat kids fed 5% of body weight of lyophilized bovine colostrum at 0, 7 and 14 h of life; GC -goat kids fed 5% of body weight of goat colostrum at 0, 7 and 14 h of life; abc means followed by different letters within each group differ by Tukey's test (P b 0.05) among sampling times; there was no statistical difference by Tukey's test between groups within each sampling time (P > 0.05); and data retransformed (10 x ).
life, approximately 24 mg/mL, a value close to that seen in adult animals, approximately 31.6 mg/mL. The amount of immunoglobulins transferred to newborns may be affected by several factors, including time elapsed between birth and first colostrum feeding and immunoglobulins concentration in this lacteal secretion (Lima et al., 2009; Moretti et al., 2010a) . In this study, decreasing capacity of IgG absorption, between 7 and 14 h, was observed in GC, while in LBC, AEA 7hr was the same of AEA 14hr , which can be related with serum IgG values above 12 mg/mL between 14 and 24 h in this group. The AEA 7hr , which represents a maximum capacity of absorption of enteric tissue from the first meal (AEA max ) was higher than AEA total in both LBC and GC, indicating that the process of IgG absorption in the first 24 h of life in goat kids has changed. Kindlein et al. (2007) , working with calves, supplemented with colostrum containing different concentrations of IgG observed values of AEA max higher than the AEA total . The authors suggested that in the initial phase of the first generation of enterocytes there is a greater intensity of the IgG absorption mechanism. During the first 24 h of life, the intestinal epithelium of goat kids showed decreasing ability to macromolecules internalization, reaffirming that the first meal of colostrum should be given to the animals as soon as possible after birth (Argüello et al., 2004; Kindlein et al., 2007) . Despite the different behavior of AEA variable between the groups, AEA total was the same for LBC and GC, 9.5 and 8.0%, respectively, showing that heterologous immunoglobulins from bovine were absorbed as easily as homologous caprine immunoglobulins.
The higher concentrations of serum TP after colostrum ingestion showed the remarkable influence of exogenous IgG in the fluctuation of this variable. In the present study, serum IgG represented about 20.4% of TP serum to LBC and 16.1% to GC, and correlation was 0.57. Moretti et al. (2010b) , in turn, observed that 34.8% of serum TP of lambs fed bovine or ovine colostrum corresponded to IgG fraction and the correlation between the variables was 0.81. In this study, probably due to the lower participation of IgG in the serum TP, differences between LBC and GC groups in the fluctuation of this variable were not observed up to 96 h of life.
Difference in serum IGF-I concentration between groups and sampling times was not observed. There was, however, considerable variation in the concentration of this bioactive factor at birth, from 13 to 93 ng/mL. Similar results were observed in cattle by Gallo and Block (1990) and Pauletti et al. (2007) . Sparks et al. (2003) suggested that serum concentrations of IGF-I in the first 48 h of life depend on the serum levels recorded at birth. However, in this work, the variation in serum IGF-I at birth did not affect the values up to 96 h.
The result of this study, like others Sparks et al., 2003) indicates that the IGF-I serum concentration is not affected by the amount of this bioactive factor available in colostrum. According to Baumrucker et al. (1994) , Blum and Baumrucker (2002) and Pauletti et al. (2007) IGF-I is not absorbed by intestinal cells and its main effect is to mediate development of the gastrointestinal tract. In the present work, the great difference in IGF-I intake between LBC and GC, could have interfered in the gut development affecting the absorption of IgG. Moreover, the precocious development of the gut due to the high concentration of IGF-I might change the time course response of IgG absorption in the goat kids receiving goat colostrum.
Conclusion
Considering the variables study in the present work, lyophilized bovine colostrum constitutes a promising alternative substitute to goat colostrum in newborn goat kids, since the supply of immunoglobulins and IGF-I was suitable for the kids.
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